A 51-year-old female with a history of rheumatoid arthritis rapidly developed anterior neck pain and paresis in the left upper and lower extremities and right lower extremity, sensory disturbance in the left upper and lower extremities, and bladder and rectal disorder. Adduction of the left eye and abduction of the right eye were also disturbed. Spinal magnetic resonance imaging demonstrated severe edema in the C1-T5 levels, which then deteriorated rapidly over 3 days, and lesions enhanced with gadolinium in the C1-C3 and C5-T3 levels. 2-Deoxy-2-[ 18 F]fluoro-D-glucose positron emission tomography study demonstrated the inflammatory sites as segmental enhanced accumulation in the C1-C3, C5-C6, and T1 levels. The serum anti-aquaporin 4 antibody level was positive and she was diagnosed with neuromyelitis optica spectrum disorder. Marked improvement in the neurological conditions, concomitant with reduced spinal cord edema, was obtained by steroid pulse therapy.
Introduction Neuromyelitis optica is a unique inflammatory condition characterized by selective involvement of the optic nerves and spinal cord, 14, 16) usually involving spinal cord lesions that extend over more than the total length of 3 vertebral segments. 14, 16, 19) Anti-aquaporin 4 antibody is a specific diagnostic marker. 14, 16, 19) Neuromyelitis optica spectrum disorders include limited types of neuromyelitis optica, such as myelitis or recurrent optic neuritis with or without autoimmune diseases, and all are positive for anti-aquaporin 4 antibody. 19) We describe a case of neuromyelitis optica spectrum disorders, which was difficult to differentiate from spinal tumor, and discuss the 2-deoxy- 
Case Report
A 51-year-old female with a history of rheumatoid arthritis presented with anterior neck pain and dysesthesia of the left extremities and trunk which had occurred 5 days previously, and left hemiparesis on the next day. Left eye adduction became difficult, the left hemiparesis worsened, and she developed hypesthesia of the left extremities and trunk on the following day. Severe pain in the anterior neck and back returned 2 days later and she consulted our hospital. The patient presented with paresis of the left upper extremity (manual muscle test [MMT] 3/5), left lower extremity (MMT 0/5), and right lower extremity (MMT 4/5), and she could not walk by herself. She complained of dysesthesia of the left upper extremity, and she had no sensation over the left upper and lower extremities. She could feel the desire to void and defecate, but could not urinate or defecate by herself. The tendon reflex showed general hyporeflexia and Babinski's reflex was positive on the left. Visual acuity was normal. Adduction of the left eye and abduction of the right eye were disturbed. There was moderate facial palsy on both sides.
An . This PET/computed tomography (CT) system also included a 16-detector row helical CT scanner. Standardized uptake values (SUVs) were determined in the axial plane of the PET images for numerical comparisons, by placing a region of interest (ROI) covering the affected spinal cord. SUVs of normal control subjects were determined from the data of 26 male and 16 female patients aged 59.6 ± 9.2 years (mean ± standard deviation) that visited our hospital for a medical check-up ( Table 1 ). The ROI covered the spinal cord at the C2, C5, and T1 levels. The mean and maximum SUVs are summarized in Table  1 . A chi-square test for optimal fit showed that these values of SUVs had a normal distribution.
Spinal magnetic resonance (MR) imaging 3 days before admission showed severe edema in the spinal cord of the C1-T5 levels. Second MR imaging on admission showed that the edema had progressed rapidly within only 3 days (Fig. 1A) . Spinal MR imaging 1 day after admission showed an enhanced lesion in the spinal cord of the C1-C3 and C5-T3 levels (Fig. 1B, D) . T 2 -weighted MR imaging of the brain showed a hyperintense lesion in the dorsal portion of medulla oblongata, although this lesion was not enhanced with gadolinium-diethylenetriaminepentaacetic acid. MR imaging could not detect the pontine lesion.
[ Fig.  2 ). No other systemic lesion was found.
Sensory evoked potential was normal on stimulation of the right median or tibial nerves, but the response was almost lost on stimulation of the left extremities. Cerebrospinal fluid examination such as oligoclonal band or glial fibrillary acidic protein was not possible because the cervical and thoracic spinal cord was enlarged markedly. The anti-aquaporin 4 antibody level was 8.4 (cut off value 1.0) and the diagnosis was transverse myelitis caused by neuromyelitis optica spectrum disorder. Vari- Table 2 ). She was treated with steroid therapy using 1 g/day methylprednisolone sodium succinate infused intravenously for the first 7 days, followed by oral prednisolone (25 mg/day). The duration of steroid pulse therapy was elongated considering her poor neurological condition, and the dosage was gradually decreased thereafter. MR imaging 14 days after admission showed marked improvement of the edema (Fig. 1C) . She was able to walk using the parallel bars 10 weeks after admission. Although spinal MR imaging showed residual edema of the spinal cord at that time, no enhanced lesion was found (Fig. 1E, F) .
The patient was discharged home 5 months after admission. The dosage of prednisolone was 12.5 mg/day at the time of discharge. She could walk around the house holding on to furniture or a wall 6 weeks after the discharge. She could feel urinary sensation and void the urine intentionally. She could lift her left upper extremity but she could not grasp an object with her finger. The hypesthesia on the left upper extremity and the partially disturbed adduction of the left eye persisted.
Discussion
Aquaporin 4 is expressed in the pericapillary foot process of astrocytes and is associated with the function of the H. Oyama et al.
blood-brain barrier. Aquaporin 4 is related to the pathophysiology of brain edema and spinal edema following spinal cord injury. 10, 15) Anti-aquaporin 4 antibody binds to the extracellular domain of aquaporin 4, and aquaporin 4 becomes incorporated into the cytoplasm in a complement-dependent manner. This increases the permeability of the blood-brain barrier and allows inflammatory cells such as neutrophils to infiltrate. Furthermore, the astrocyte becomes damaged in an antibody-and complement-dependent manner. 21) Acute phase neuromyelitis optica is characterized by the infiltration of granulocytes such as neutrophils and eosinophils following the increased permeability of the blood-brain barrier. 8, 11, 21) Macrophage infiltration also occurs during the chronic phase of neuromyelitis optica. 11) Serum anti-aquaporin 4 antibody was positive in the present patient and the spinal lesion was ultimately diagnosed to be caused by neuromyelitis optica spectrum disorders. However, [ 18 F]FDG PET was used to discriminate the metastatic lesion from a systemic malignant tumor during early process of the diagnosis. Only one previous case report described the [ 18 F]FDG PET findings associated with neuromyelitis optica. This patient presented paraneoplastic myelopathy and the neuromyelitis optica antibody was also positive. 12) Previous [18F]FDG PET studies have shown that the mean SUV of normal subjects is 2.12 ± 0.48 or 2.09 ± 0.56 (mean ± standard deviation) at the upper cervical level. 13, 20) The mean SUVs of the upper, middle, and lower cervical segments are 1.99, 1.93, and 1.91, respectively, in normal subjects. 7) This shows a tendency toward a slight decline according to the level, but the differences did not reach statistical significance. 7) The mean SUV of all three segments (entire cervical cord) was 1.95 ± 0.3. 7) The mean SUVs at the C2, C5, and T1 levels were 2.11, 1.77, and 1.48, respectively, in our normal subjects. In the present patient, the mean SUVs of the affected spinal cord were 2.38, 2.68, and 2.52 at the C1-C3, C5-C6, and T1 levels, respectively. These values were larger than the mean SUVs in the normal subjects in our hospital. The maximum SUVs at the C2, C5, and T1 levels were 2.49, 2.22, and 1.9, respectively, in normal subjects. The present patient showed maximum SUVs of 3.49, 3.81, and 3.37 at the C1-C3, C5-C6, and T1 levels, respectively. These values were markedly larger than those of the normal subjects.
The normal spinal cord contains a relatively large amount of axonal white matter, and the glucose metabolic rate of white matter is approximately one-third to onefourth that of gray matter. 17) Therefore, the lesion-to-background contrast of an [ 18 F]FDG PET study should be more favorable in the spinal cord than in the cortical brain regions. 17) Consequently, a lesion of the spinal cord should be easier to detect than that of the brain. However, the problem is the resolution in contrast to the size of the spinal cord. Calculating the SUV requires that the dimensions of the object are at least twice the resolution of the PET scanner to avoid the partial volume effect. 6) The SUV values at the C1-C3 and C5-C6 levels of the present patient were thought to be accurate, because the size of the lesions was more than twice the 5.5 mm FWHM. However, the accumulation at the T1 level might be underestimated, because the lesion was less than twice the 5.5 mm FWHM. 20) Accumulation of the [ 18 F]FDG has been observed in various types of inflammatory diseases. The [ 18 F]FDG PET showed hypermetabolic foci (maximum SUV 5.1) in the sarcoidosis of the spinal cord and [ 18 F]FDG uptake increased in radiation myelopathy. [1] [2] [3] [4] [5] 18) The present findings revealed that [ 18 F]FDG PET was also useful for detecting the inflammatory sites of the spinal cord in neuromyelitis optica. 22) 
